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Image credits for the following slides unless otherwise stated: NASA/JPL-Caltech/LANL/CNES/IRAP



About me: Space
is for everyone!

We don’t all look the same or come from
the same background! We are all different
and it is our diversity that makes missions
great!

For example, your presenter is:

Did you know?
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On a non-traditional career path
* HS-> Navy ->in and out of college->
a few STEM jobs -> mars missions
On a mostly woman identifying
engineering team
A product of the foster system
A veteran
LGBTQ+ identifying
A single mother
Not a PhD recipient
Neurodiverse: Autistic/ ADHD
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The Mars Polar

ader Was Jaunched
gt .
5 from Cape

Canaveral on
January 3. 1999. Its
470 million-mile
journey will

conclude on

with arrival in

Martian orbit. Then,
the lander will

deploy two probes
which will penetrate
several feet into the
polar surface and
send back data on
the geology and
waler/ice presence in
fhe subsurface strata.

M(\l

named Sojourner, is
carmied on-board
Mars Pathfinder, an
unmanned spacecraft '
launched in December
Sojourner, a free-roving
probe the size of a

child's wagon, wil
dwaph the Martian
surface and determine

the composition of



Atmosphere composition

Average temperature
Ozone layer
Magnetic field
Inhabitants

Volcanoes

Canyons

One rotation around its axis
Year

Moons

Mostly oxygen
and nitrogen,
thick and
breathable

58.62 F (14.9 C)
Yes
Yes

More than
robots

Yes

Grand Canyon:
spreads across
Arizona, USA

Day: 24 hours
365 days

1: the moon

Carbon Dioxide, very
thin, not breathable

-80 F (-60 C)
No
No

robots

Yes: Olympus Mons is
the largest volcano in
the Solar System!

Valles Marineris:
Length of the
continental United
States

Sol: 24 h: 39m: 35s
687 days

2: Phobos and
Deimos

https://www.reddit.com/r/Damnthatsinteresting/comments/qs00g4/olympus_mons_mauna_loa_and_mt_ever
est_compared/

Valles Marineris size comparison
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Not pictured:

M2020 (2020)

Perseverance
(Slightly larger than
Curiosity)

Mars rover family
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Landing: August 6,
2012

We just celebrated 10
years on mars!

Curiosity: components

NASA/JPL-Caltech/MSSS

10



https://mars.nasa.gov/msl/spacecraft/instruments/chemcam/

ChemCam Tech Specs

Main Job To analyze the chemical composition of rocks and soil.

The laser, telescope, and camera sit on Curiosity's mast (its

Location “forenead"), while the spectrometer is located in its "body".

Telescope:
Focuses laser and camera

Remote Micro-Imager:
One of Curiosity's "eyes," captures detailed images of the area
illuminated by the laser beam

Components -

Vaporizes rock surfaces, creating a plasma of their component
gases

Spectrometer:
Three spectrographs divide the plasma light into wavelengths for
chemical analysis



https://mars.nasa.gov/msl/spacecraft/instruments/chemcam/

ChemCam: What does ChemCam actually do?
Laser-induced breakdown spectroscopy ’: —

(LIBS)

Vaporizes target material

Spectrometer collects light

Different elements emit different colors of
light

< r -;' '-4.;.‘.’ .
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SSicven et alf, 200750 = %

Aluminum Basalt



ChemCam team Oct 2022

ChemCam is an international collaboration!

Joined in 2019
e But was previously involved with the
mission in grad school
* US operations manager



Goals of Curiosity

To assess the past and present habitability of the
martian environment

* Not a search for life per se

* Environments in which life could exist
* H,0 (key criterion for life)
* Hydrated and water-formed minerals
* Organic materials
 Surface radiation environment




Curiosity: What can we look for?

Life Needs Life Produces
* Liquid water e Shapes and patterns
 Temperature range * Fossilized bones, tissues
e pH =2 acidic versus basic e Burrows, tunnels, nests, etc
¢ Energy source ¢ Atmospheric gaSSes
* Food (minerals) * Oxygen (O,)
 Light (photosynthesis) * Methane (CH,) (natural gas)
e Chemical building blocks  Minerals and rocks
* CH, N O,PS * Limestone
* Protection from UV, other * Oil (shale)

radiation (but not always)

We can look for all of the above on Mars with Curiosity



ChemCam: What can ChemCam detect?

Life Needs Life Produces
e ciquid water e shapes and patterns
 Temperature range * Fossilized bones, tissues
e pH =2 acidic versus basic e Burrows, tunnels, nests, etc
% Energy source ¢ Atmospheric gaSSes
* Food (minerals) * Oxygen (O,)
 Light (photosynthesis) * Methane (CH,)
e _hemical building blocks e Minerals and rocks
* CH, N O,PS * Limestone
* Protection from UV, other * Oil (shale)

radiation (but not always)

ChemCam can help us find many signs of habitability



Curiosity: Why aren’t we looking for life
directly?

e Difficult to confirm

* How do we know when we’ve found it?

* Understanding habitability is more straightforward =
prerequisites for life

http://www.dec.ny.gov/permits/54434.htm|



Curiosity: Landing site-Gale Crater
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An ancient lake bed?

Mt. Sharp = size of Kilimanjaro

?‘ = - | — Curfosity Path
_ e T
& Curiosi - Areaof
landing st%e - ';,__:ancu)ant lake bed ) |

19



Gale crater and Mt. Sharp

oter ~150 km

" Craters

e

Fractures\; e Younger

{ A {1
Milliken et al., 2010 y AV Strata
Anderson and Bell, 201Q & % ,--‘ AN | ‘“_‘.*

Cemented & . \%
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Operations

”
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How do we “drive” rovers? L&§
.. From our laptops!

g



Operations: Selecting targets
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Operations: Planning activities

Inaow  Heip

X

= ) :;: ES = B\ B E 0 5
i@ A Enable DM Modeling 2y . @QQaa-®H
ccam16150.0000a.mdling 3 50l00150_tap_sowg:150-151 [READ_ONLY] 52 = O|| @ Detail 3 ¥ =0
LST 11 05 06 07 08 09 110.‘ Abort I
=« Seqld ccam03150
U ’ [T I [ ’ (I - ’ (I - ‘ v || Invocation Method
P & DAN_On_Passive | DAN_On_Passive | i ~
DAN DAN_Power_Off i o Request Id Unassigned
&) ChemCam_TEC_Cooling ChemCam Schedule
P & RSM Heating (S0l 151) [RsM Heating (Sei 151) | | | Start Time Sol-00151M08:3
UTL Force Heating |Force Heating | Duration 00:23:10
v B scencez ‘ Override_Duration 00:00:00
@ ChemCam Jnstrument On ] End Time Sol-00151M09:01:08
d ChemCam_RLR_Line_5x1_Haig m Scheduled v
L & ChemCam_RLR Grid_3x3_Hay_Cre ' PEF Modeled Times
! el Crenc) Start Time  Sol-01050M01:59:45 _
& ChemCam_RLR Grid_3x3_Hudson_| End Time  Sol-01050M02:26:39 -
J ChemCam_Jnstrument_SunSafe O
utl MARGN m Resource Usage
E = ActivityEnergy 3423 W-h
Ha: ChemCam_claimed
Ha: Data_Medium 46.37 Mbit
utt) CleanUp Data_Medium_77 46.37 Mbit
utl) MARGIN I RSM_claimed
b (@ soL151AM_HGA DTE ol 151] Total_Onboard_Data_Volume 46.37 Mbit
P & REMS ST Run Extended
T H Parameters
P & REMS ST Run Extended | REMS ST Run Extended I - S
P & REMS_Background D D D D < T »
T — I S S N N R S - . ==
14 | ]
Timeline | Table Opacity < ’



Operations: How do we talk to mars?

At 256 kbit/s :

*

Goldstone,
California
3 Canberra,
INSTAGRAM BRENDAN LALLY/FLICKR YOUTUSE Australia
im 55s 3m 35s ih 13m 26s 13h 37m 42s ®
The amount of time it The amount of time it The amount of time it would The amount of time it
would take to load a would take to download take to download a video of would take to download an
photo from Instagram. “Call Me Maybe.” Rebecca Black's “Friday.” episode of “Breaking Bad.”

Wicle/ml%mm;mwbico +_|

The Deep Space Network:
https://www.youtube.com/watch?v=6WFj-CKIdv4

(End at 34 seconds)

California Australia

DSN real time: https://eyes.nasa.gov/dsn/dsn.html



https://www.youtube.com/watch?v=6WFj-CKldv4
https://eyes.nasa.gov/dsn/dsn.html
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Results

MastCam image
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Results

Layers of Mt. Sharp

Layers = geologic time
(Grand Canyon)

NASA/JPL-Caltech

26



Results
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Results

Context — Peace Vallis Fan — eroded face, fan structure

https://www.researchgate.net/publication/309337486_LONG_DISTANCE_OBSERVATIONS WITH_THE_CHEMCAM_REMOTE_
MICRO-IMAGER_MOUNT_SHARP_AND_RELATED_ SEDIMENTARY_DEPOSITS ON_GALE_CRATER_FLOOR



Results

Peace Vallis Fan head channel with two superimposed
10 image RMI mosaics (~25 km range)

https://www.researchgate.net/publication/309337486_LONG_DISTANCE_OBSERVATIONS_WITH_THE_CHEMCAM_REMOTE_
MICRO-IMAGER_MOUNT_SHARP_AND_RELATED_SEDIMENTARY_DEPOSITS_ON_GALE_CRATER_FLOOR



* Spectacular detail of layering and slopes

| * Future images will also allow for long
distance stereo

* Monitoring from both the rover and from

. orbit is ongoing

A\, ¥
.\.J“

ChemCam RMI mosaic of 10 images

https://www.researchgate.net/publication/309337486_LONG_DISTANCE_OBSERVATIONS_WITH_THE_CHEMCAM_REMOTE_
MICRO-IMAGER_MOUNT_SHARP_AND_RELATED_SEDIMENTARY_DEPOSITS_ON_GALE_CRATER_FLOOR



Conglomerate rock

Results

Deposited by flowing water
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Results: Clay

Deposited by water

20% material is clay
Water with neutral pH = drinkable
iII hol

K
% -




Results: High concentrations of Mn
Strongly oxidizing, agueous conditions

S Ty
- S S
ot T )

Hydrothermal fsystemg.,wr-j; ~ Deep seanodules.

Lt ' %

= To concentrate Mn R ogEp - fracture fills
" Liquid water
= Strongly oxidizing environments (high pH, Eh)

= Associated with biological activity (Earth)

" Mn deposits on Earth only observed post-photosynthesis
- 0,




Curiosity's Location  Sol 3667 | Distance Driven 18.12 miles / 29.16 km

Latest stats: 3668

Traveled ~18 miles/ 29 km
Drill holes: more than 30!
ChemCam-

~1 million laser shots!

“g"’ .+ Greenhough

Pediment ! ‘
Aochs Mors

".t" 'Moun! Sn, :ﬁn
' ;¥ s 4

? 0 1000m} 2km £ 4km
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https://mars.nasa. gov/msl/m|55|on/where is-the-rover/



Challenges: Terrain




Rear-right wheel balancing on
sharp rock

mhli00261 (sol 631)




Challenges: Causes and solutions

* Mars rocks are ventifacted (wind-faceted)
* Harder materials at Gale

* Rocker-bogie system
» Keeps rover body at low pitch/tilt
e Greatest load on front, middle wheels
* Wheels are Al rather than Ti

* Solutions
* Drive backward
e Plan traverse to avoid rocks
* Treat wheels as limited resource

http://www.2zmtns.com/califor
nia_01.html

Can’t easily predict local Mars environments!



Solutions: Traverse planning with HIRISE

’

s

T

>
% !
: .
. 7 *
4 ’l’,
'.

y

39



Normal range of data

93e} oA

Normal range of data
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New challenge: What’s this rock?

Chemistry versus mineralogy

* Rocks = specific mineral assemblages
* Minerals = structure + chemistry

CaCoO,

Calcite Aragonite
Rhombohedral lattice Hexagonal Iattice

ii R hombohedral i
(’\\ —;\"/-A— - »v 3
X F NS ,-' ‘ :

\’
. P
X
™ B
+ i
B ’ L =
. A

=) -

S “"
>
-\‘,__/\_» /
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J o )|
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\ b

Same chemistry, different mineralogy

Need both chemistry and mineralogy to ID



Challenge: LIBS

CaCO; (6 mbar CO,)

Very similar chemistries
(trace element variation)



Solution: Raman
CaCOs (lab atm)




Perseverance Rover and
Ingenuity helicopter

Mastcam-Z

Zoomable Panoramic Cameras

_' ; SHERLOC
. M E DA Ultraviolet Sgectrgpete{

WATSON (Camera)

SuperCam

Laser Micro-Imager

RIMFAX

Subsurface Radar

Pu RTG for power
Also provided by LANL

X-ray Spectrometer

¢ Landing: February 18, 2021
MOXIE

Produces Oxygen from Martian CO,
Almost 2 years!




Goals of Perseverance

Perseverance is searching for signs of past
and present life on Mars, as well as testing
out new technologies to aid future human
missions to Mars.

v 1. Determine whether life ever existed on Mars
« 2. Characterize the climate of Mars

v 3. Characterize the geology of Mars

v 4. Prepare for human exploration of Mars

Things SuperCam can do!



Dissent and Touchdown




Perseverance Landing site: Jezero Crater

= ° THE TOPOGRAPHY OF MARS BY THE MARS ORBITER LASER ALTIMETER (MOLA) ml - L_ -
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SuperCam

SuperCam is ALSO an
international collaboration!

Tech Specs
Main Job

Location

Mass

Power

Volume

Calibration
Target

Data Return

To identify the chemical composition of rocks and soils, including their
atomic and molecular makeup

Mounted on the "head" of the rover's long-necked mast

Mast-mounted sensor head:
12 pounds

(5.6 kilograms)

Rover body-mounted electronics:
10.6 pounds
(4.8 kilograms)

Calibration target:
0.5 pound

(0.2 kilograms)

179 watts

Mast-mounted sensor head:
approximately 15 by 9 by 8 inches
(38

by 24 by 19 centimeters)

118 inches diameter
(3 centimeters)

15,5 megabits per experiment or about

4.2 megabits per day

Key improvements from ChemCam:
e Color RMI

* Raman

* VISIR

* Microphone

| joined the team a few
months before launch in
summer of 2020
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First test of SuperCam

The day before SuperCam
was sent to JPL for
§l integration onto the rover




Operations: similar to ChemCam, but with newer, fancier
tools!

= 9 cocPIT- - Coserve v O 3
v = %= % ¥ Q@
RSM Heating @)
stay awake its early S -
Mastcam Heating o> [asicomz Hesing |
Engineering Keepout (o R 0 2 i
>
i tenv - 801632 Site 31 Drive ( oo Instrument ® Doist Target
SCAM Power ON and thermal S 1
SCENE OPTIONS
SCAM 5x1H LIBS MIC VISIR RMI Mount Martin ? SDv 1
SCAM Power OFF and thermal S
ZCAM Doc - Mount_Martin ? S
NCAM RSM - ripple crest L |
Margin & Cleanup o> -
632 Mobility Backbone: Precision Approach tro0v
Mob Setup S
ZCAM Home Zoom o> _:“:::‘NUM
RIMU Power On - @ |

; —
1 R, <y~

s L -839

20 min/sec 2 -
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Sus Safety Keep Out




First 90 sols: mars time

MastCam Z

Lt
— > - o D
" i< g3 “ X .
'f’. ™ -t e
e - T i R
303 T S =
SuperCam e ' -

Sol 46

Sol 21: release the bellypan




Results:
SuperCam data

and images
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Images processed by Kevin Gill

Results: SuperCam data and images

Sol 206

Sol 442



Results: Sounds

* https://www.jpl.nasa.gov/videos/nasas-perseverance-rover-captures-
the-sounds-of-mars

Spoiler alert: the
laser does not
make pew pew
pew noises

Start at 1:28


https://www.jpl.nasa.gov/videos/nasas-perseverance-rover-captures-the-sounds-of-mars

Where is Perseverance?

DAYS 635:05 351 5
ON MAQS 501 MRS MINS <ECS

Perseverance's Location Latest Drive: Sol 632 | Total Distance 8.29 miles / 13.34 km
¥ IT9A
VAN

hn\

Vol o W
\

£ ) \ i J
4

4 F® & ‘Q
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e L Maale ) e
200m 500m = ‘ 1000m

https://mars.nasa.gov/mars2020/mission/where-is-the-rover/

Latest stats: sol 633

Traveled ~8 miles/ 13 km
15 rock cores collected
~34 Ingenuity flights

I
e, Latitude 774375078207, 18.44518803°



Challenges
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_ Solution from previous mission: __

New wheel design

CURIOSITY PERSEVERANCE

trated here, the aluminum wheels of NASA's Curiosity (left) and




Follow along at home!

* DSN: https://eyes.nasa.gov/dsn/dsn.html Suggested reading/watching:

* Curiosity raw images:
https://mars.nasa.gov/msl/multimedia/raw- * Goodnight Oppy
images/?order=sol+desc%2Cinstrument_sort+ . it f  th
asc%2Csample_type sort+asc%2C+date_taken Built for Mars: the Perseverance
+desc&per_page=50&page=0&mission=msl| Rover

* Where is Curiosity? * Any episode of How the
https://mars.nasa.gov/msl/mission/where-is- y P
the-rover/ Universe Works

* Perseverance raw images: - * Our Nature paper:
https://mars.nasa.gov/mars2020/multimedia/ * In situ recording of Mars

raw-images/

* Where is Perseverance? soundscape

https://mars.nasa.gov/mars2020/mission/whe
re-is-the-rover/

* Social media, nasa.gov



https://eyes.nasa.gov/dsn/dsn.html
https://mars.nasa.gov/msl/multimedia/raw-images/?order=sol+desc%2Cinstrument_sort+asc%2Csample_type_sort+asc%2C+date_taken+desc&per_page=50&page=0&mission=msl
https://mars.nasa.gov/msl/mission/where-is-the-rover/
https://mars.nasa.gov/mars2020/multimedia/raw-images/
https://mars.nasa.gov/mars2020/mission/where-is-the-rover/

How can *you™ get here?

Or wherever you want to be
Step 1: You don’t have to be “good,” you just have to
love it

e Experts = ~10,000 h of practice (5 years)
* You can learn anything if you put in the time

Remember...research is about answering questions that
no one knows the answer to
* You aren’t dumb if you don’t know the answer!
* Can be good at research and not school



How can *you™ get here?

Or wherever you want to be
Step 2: Don’t limit yourself to things that are easy

* You will have to work hard
e But the rewards are worth it




How can *you™ get here?
Or wherever you want to be

Step 3: Be persistent

More attempts = more chances for success

PERSEVERANCE 'PERSISTENCE

| can't take it any mor






ChemRex




ChemDestroyer




French: “Why do people think that ChemCam will hurt cats?”
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Lets play a game called.....

Mars or Earth?




Mars or Earth?




Shiprock, a volcanic peak sacred
to the Navajos as Tse Bitai, the
"Rock With Wings," rises from
the surrounding desert in New
Mexico, USA, Earth.

Image Credit: John Grabowska



Mars or Earth?
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Mars or Earth?




S Vera Rubin Ridge,
Gale Crater, Mars




Mars or Earth?




Shatter Cone: The recently discovered shatter cone exposure near
Santa Fe, New Mexico, USA, Earth.
 Formed by shock waves from an ancient meteorite impact

Photo credit: Geoffrey Notkin, copyright Aerolite Meteorites




Mars or Earth?




North polar cap

Mount Sharp, Gale
Grater, Mars




Mars or Earth?
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Tower butte, Gale Crater, Mars




Mars or Earth?




Image credit: Roc Doc Travel
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El Capitan, Texas, USA,
Earth




Mars or Earth?




Pathfinder landing site, Ares
Vallis, Chryse Planitia, Mars




Mars or Earth?




-ram Carter,
Meridiani
Planum, Mars

Martian spherules (also known as blueberries)
are the similar to hematite concretions found on
earth that are formed when minerals precipitate
from flowing groundwater.



Mars or Earth?




Image credit: Smithsonian

Sechura Desert, Peru, Earth




Mars or Earth?




West Sahara desert, North Africa, Earth

Image credit: One Earth >




Mars or Earth?




Jezero Crater, Mars




Mars or Earth?

(Hint: look at all the plant life!)




Walnut Canyon, Los Alamos, New
Mexico, USA, Earth

e




Mars or Earth?
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Jezero Crater,
Mars




Mars or Earth?
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Bisti Badlands in New
Mexico, USA, Earth

Photo credit: Jim Ekstrand




Mars or Earth?




North polar cap

Gale Crater,
Mars




Mars or Earth?




Meridiani Planum, Mars
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These are Opportunity rover’s tracks as it
makes its way across the Martian surface
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Meteor crater, Winslow,
rizona, USA, Earth

Image credit: Britannica
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North pola cap Gale Crater,
| Mars




Mars or Earth?




New Mexico , USA, Earth
San Juan Basin, Valley of Dreams,
Badlands, Ah-shi-sle-pah Wash

Image credit: Getty
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Columbia Hills,
Gusev Crater, Mars
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TRICK QUESTION!

Venera 9 landing
Beta Regio, Venus
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Bonneville, Gusev
Crater, Mars
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First two successful
Drills and abrasion for
Perseverance rover,
Jezero Crater, Mars
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links

Mars timeline https://youtu.be/AP6hg92bPEo
Supercam https://youtu.be/a6HOap-3fiQ
https://youtu.be/shTb5MHt1to
https://youtu.be/OLgBo8CoS7Q

Driving sounds https://youtu.be/EiQviIM4taBQ
Sending rover to mars https://youtu.be/gYJsMBabjVY
Landing https://youtu.be/cA8ar8vwpTs

EDL https://youtu.be/4czjS9h4Fpg

Phoning home: https://youtu.be/2t7p08hcQzs
Volcanoes https://youtu.be/Cww3yVQpcjY
Driving on mars https://youtu.be/e6vzjNkDB5k
Mic https://youtu.be/ulWaDHfsFso

Ginny https://youtu.be/qVKZIZjaMs0

All https://youtu.be/rJsA061lawV4
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https://youtu.be/cA8ar8vwpTs
https://youtu.be/4czjS9h4Fpg
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https://youtu.be/uLWaDHfsFso
https://youtu.be/qVKZIZjaMs0
https://youtu.be/rJsA061awV4
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NASA within the US Federal
Budget Pie Chart

All Other Programs
13%

Defense & Related
13%

Other Mandatory
13%

Income Assistance
34%
Interest Payments
vgterans Benefits
2%

https://www.planetary.org/charts




